The disruptive effects of endotoxin on host metabolism (2) must be considered as an important basis for explaining the primary toxicity of the bacterial poison. In recent years numerous changes in tryptophan metabolism in infected and in endotoxin-poisoned animals have been described (1, 9, 10, 12-15) and yet, for the most part, the precise mechanisms and signif'icance of such changes remain unclear. It is well established that a tryptophan load (1 mg per g body weight) is lethal to endotoxin-poisoned mice. Such animals die, frequently in convulsions, within 4 to 8 h and it has been suggested that altered tryptophan metabolism forms the basis of the hyperreactivity (9, 10) . More quantitative data must be obtained before it will be possible to describe the specif'ic metabolic alterations in tryptophan metabolism that account for the hyperreactivity. The present paper represents an initial effort in that direction. We have chosen DL-tryptophan (benzene ring-l4C [U]) to investigate the distribution of' tryptophan and its metabolites. Although it is possible that the D and L isomers are metabolized differently (4) , Madras and Sourkes have suggested that the D isomer is rapidly converted to the L form in vivo (8) . In our investigation we have assumed this to be the case.
Our initial objective was to determine whether endotoxin poisoning significantly altered the quantitative distribution and excre-604 tion of DL-tryptophan-14C in mice. Experiments were performed in animals with and without tryptophan load. It was observed that the quantity of labeled carbon dioxide expired by endotoxin-poisoned mice was significantly less than that by normal mice. Madras suggested that the amount of 14CO2 expired from benzene ring labeled tryptophan was a direct function of tryptophan oxygenase activity in vivo (8) . Since it is well established that tryptophan oxygenase is depressed in endotoxin-poisoned animals (3, 9, 10) In both instances a counting efficiency of 63% was used in calculating the disintegrations per minute of 14CO2 expired.
Collection and quantitation of isotope in tissues. Mice were exsanguinated through the retro-orbital plexus. The stomach and intestine, liver, spleen, kidneys, heart, lung, and brain were removed and wrapped in Saran Wrap. The carcass minus feet, skin, and tail was homogenized in 50 ml of water for 1 to 3 min in a Waring blender. A 5-ml sample of this preparation was removed and processed as described below. The remainder was dried in a tared flask to determine the dry weight of the carcass. All tissues, including the blood, were frozen overnight at 0 C. The frozen tissues were lyophilized, weighed, ground with a mortar and pestle, and 10 mg of the ground tissues was placed in a scintillation vial containing 0.5 ml of Soluene TM 100 (Packard Instrument Co., Downers Grove, Ill.). The tissues were left at room temperature for 24 h, after which time 10 ml of toluene-PPO-POPOP was added and the disintegrations per minute were determined. Samples were read several times over a period of 7 to 10 days to assure that all phosphorescence was eliminated. The disintegrations per minute were determined through the use of external standard determinations. Data are expressed either as disintegrations per minute of 14C per organ or tissue or as disintegrations per minute per milligram (dry weight) of organ or tissue. All points represent pooled values from at least seven mice.
Tryptophan oxygenase assay. Tryptophan oxygenase was assayed according to the method of Knox and Auerbach (7) as modified in our laboratory (10) to insure maximum activation of all latent enzyme.
RESULTS
Percentage of isotope accounted for in mice without and with tryptophan load. Table 1 shows that 80 to 90% of the 1.1 x 106 dpm of benzene-ring-labeled tryptophan was consistently accounted for at all observation periods in both normal and endotoxin-poisoned mice without tryptophan load. In mice receiving trypto- (Fig. 1) . Smaller quantities of label were found in the liver and kidneys. Blood, spleen, heart, lung, and brain cumulatively contained less than 4% of' the isotope. The percentage of counts in a given organ remained relatively constant throughout the subsequent 5-h observation period. The organs and tissues of endotoxin-poisoned mice consistently contained more label than normal mice (Fig. 1) . Figure 2 shows the data of Fig. 1 plotted as disintegrations per minute per milligram (dry weight) of tissue. The spleen which contained less than 1% of the total counts (cf. Fig. 1 Figure 3 shows the distribution of DL-tryptophan-54C and its metabolites over a 6-h observation period among the organs and tissues of normal and endotoxin-poisoned animals given a 20-mg L-tryptophan load. The data are expressed as disintegrations per minute per milligram (dry weight) of' tissue. The kidneys, liver, intestine, and spleen had the greatest specif'ic activity, whereas the carcass, brain, and blood had significantly lower amounts. In all instances endotoxin-poisoned mice had more label in their tissues than normal mice. Compared with Fig. 2 , the quantities of label appeared considerably less in animals with load than without load. It must be remembered, however. that mice with tryptophan load received 20,000 times more tryptophan and hence much greater quantities of the amino acid and its metabolites remain in vivo.
Recovery of DL-tryptophan-I4C and its metabolites in urine, carbon dioxide and feces of normal and endotoxin-poisoned mice. Within 1 h after injection of' labeled tryptophan without load slightly more than 20% of the isotope appeared in the urine of normal mice (Table 2) , and by 6 h nearly 30% of the isotope had been excreted. After 1 h 3.4% of the label appeared as carbon dioxide and this increased to 7.4% after 6 In endotoxin-poisoned mice given labeled tryptophan without load only 6% of the isotope was found in urine after 1 h. Seventeen percent had been excreted by 6 h but this was still significantly less than in normal animals ( Table  2) . Likewise, 14CO2 and isotope in feces was less in endotoxin-poisoned mice.
The quantities of label excreted by normal and endotoxin-poisoned mice given a 20-mg load was similar to mice not receiving a tryptophan load (Table 3 ). The only difference was an increase of approximately 10% in the total label excreted after 6 h by endotoxin-poisoned animals given the tryptophan load (Table 3 versus  Table 2 ).
Labeled carbon dioxide expired as a function of dose of tryptophan in normal and endotoxin-poisoned mice. Normal and endotoxin-poisoned mice were injected with either 1, 5, 10, or 20 mg of L-tryptophan containing 5.5 x 104 dpm per mg of DL-tryptophan-4C. Normal mice given 1 mg of tryptophan converted only small amounts of label to 14CO2 (Fig. 4) . In mice given 5, 10, or 20 mg of tryptophan the quantity of 14CO2 was constant for the first hour. In subsequent hours the quantity of' '4CO2 was a function of the dose of tryptophan injected. By 6 h only negligible quantities of label were detected as 14CO2, even at the 20-mg dose level.
Endotoxin-poisoned mice expired less 14CO0 than normal mice at all time periods. While there was some suggestion that the quantity of '4CO2 expired by poisoned animals was dose dependent, mice given 20 mg of tryptophan produced less 14CO2 than mice given 10 mg of the amino acid. The production of '4CO2 was actually greater in endotoxin-poisoned compared to normal mice in the latter hours of the observation period, presumably due to the longer persistance of' the substrate.
Tryptophan oxygenase activity in normal and endotoxin-poisoned mice given graded doses of tryptophan. In normal mice tryptophan oxygenase increased in proportion to the dose of tryptophan (Fig. 5) . By 4 and 6 h after substrate, the enzyme activity was elevated In endotoxin-poisoned mice tryptophan oxygenase was also inducible, but to a lesser degree. By 4 to 6 h after tryptophan the enzyme was consistently lower in endotoxin-poisoned mice than in normal mice.
DISCUSSION
The most striking observation in Fig. 1 to 3 is that tryptophan and its metabolites persist longer and in greater quantities in tissues of endotoxin-poisoned than normal mice. It appears that by 1 to 2 h after tryptophan administration an equilibrium is reached in which the isotope is more concentrated in organs and tissues which actively metabolize tryptophan (such as the intestine and liver) than in organs and tissues which do not actively metabolize the amino acid (such as the carcass and heart). Very little isotope was detected in the blood and brain. The increased quantities of label in tissues of poisoned mice suggest that toxic tryptophan metabolites such as serotonin and quinolinic acid may persist longer in vivo in poisoned animals. Such information has particular significance in determining the basis of the hyperreactivity of endotoxin-poisoned mice to tryptophan.
The greatest single quantitative difference in the distribution data was seen in the amount of label excreted in urine. Significantly less tryptophan and its metabolites were excreted by endotoxin-poisoned mice than by normal mice (cf . Tables 1 and 2 ). Since similar quantities of label were excreted whether the animal was given labeled tryptophan with or without load, a passive rather than an active mechanism appears to be involved in the decreased excretion of label in the poisoned animals. The most likely explanation for such a change is the decreased blood flow to the kidneys due to vascular shock (5, 11) .
It is not possible to consistently correlate tryptophan oxygenase activity with the quantity of carbon dioxide produced from tryptophan in either normal or endotoxin-poisoned animals. Although there was a suggestion that the 14CO0 output may correlate with tryptophan oxygenase activity during the first 2 h after a 10 or 20 mg load in normal mice, there was considerably more enzyme potential available than there was "CO2 produced after 2 h. At lower doses (1 and 5 mg) the amount of '4CO2 expired was exclusively a function of substrate availability. Cumulatively, our data in normal mice favors Kim and Miller's suggestion (6) that substrate availability plays a more significant role than tryptophan oxygenase activity in regulating the conversion of' tryptophan to carbon dioxide.
The carbon dioxide data from endotoxin-poisoned mice suggests that factors other than the enzyme activity and substrate availability may be influencing the quantity of 14CO2 produced in endotoxin-poisoned animals. Substrate induction of tryptophan oxygenase, while frequently lower in endotoxin-poisoned mice than in normal mice (cf. Fig. 5 ), did not show constant significant differences. By contrast, the magnitude of the depression in 14CO2 production observed between normal and endotoxin-poisoned mice (cf. Fig. 4 ) was readily apparent, frequently different statistically, and could not be correlated whatsoever with changes in tryptophan oxygenase activity. Such evidence indicates that decreased tryptophan oxygenase per se is probably not a significant variable accounting for the impaired 14CO2 production. Since the data in Fig. 1 to 3 clearly show that the quantity of isotope from tryptophan persists in greater quantity in livers of endotoxin-poisoned mice, it seems improbable that a lack of substrate in the liver is responsible for the decreased carbon dioxide expired. Conceivably, hemodynamic changes which result in altered blood flow through the organs may be responsible for the observed metabolic alterations. Such a consideration emphasizes the importance of cautious interpretation of data from whole animals so as not to assume that alterations in metabolism reflect exclusively disruption of enzyme regulation in vivo. The use of perfused organs and isolated cell systems should be very useful tools in resolving such conflicts.
It is not understood why we were able to account for greater quantities of label in animals without tryptophan load than with tryptophan load (Table 1) . Care had been taken to inject the same quantity of isotope into all mice. Extensive studies on our collection procedure for carbon dioxide and urine as well as our preparation of tissues have been performed without providing clues for this discrepency. After 1 h, peritoneal fluid contained less than 0.01% of the label both with and without tryptophan load (unpublished observation).
